Objective: To study the somatic and mental health in patients who had leg lengthening (LL) in a 10-year follow-up and to compare it with the 1 year-follow-up. Earlier studies have demonstrated severe maladaptive reactions in children and adolescents on a short term basis but also that they tolerate it without sustained psychological impact. Cohort sequential longitudinal studies, in which individuals from different age groups are followed over time, are needed to tease apart aging and cohort effects. Methods: This was a prospective study with 28 patients, mean age of 20, who had undergone leg lengthening (LL) between 1997-2005 at the Department of Pediatric Orthopedics, Uppsala University Hospital. The somatic health was studied by a structured medical assessment of the reconstructed leg and an interview focused on the patient's experiences of surgery, outcome and function. The mental health was studied by Beck depression-and the State-Trait Anxiety Inventories and a specially designed questionnaire for patient with LLI. Results: When the patients rated their mental health, 20 were within a normal level and 7 had symptoms of depression. Patients' self-esteem was on a median level. Those who had scored highly on the depression inventory also had high levels on both State-and Trait anxiety scale. Conclusion: One fourth of the patients reported themselves to be depressed at the 10-year follow-up, while 7% of the patients were depressed one year after LL. Self-esteem results for the cohort were on a median level, both one and ten years after LL. Interview data demonstrated that the majority of patients were preoccupied with their LLI and more psychological support during the lengthening period would have been desirable. From available data we cannot conclude that the leg lengthening per se caused the depressive symptoms in the patients.
Introduction
The Ilizarov Technique has become an established method in the treatment of children with significant shortening and angular deformities of the extremities [1] [2] [3] [4] [5] . Earlier studies have demonstrated severe maladaptive reactions in children and adolescents undergoing leg lengthening (LL) [6, 7] . However it is suggested that, allthough the Ilizarov treatment is demanding for adolescents, it is one that they tolerate without sustained psychological impact [8] [9] [10] . Moraal et al. concluded that the patients still have physical limitations but that they appear to have normal psychosocial functioning and self-esteem. Residual leg length inequality (LLI) of more than 2 cm remains important even after long-term follow-up, as these patients report lower quality of life [11] . Several of the patients have complex deformities of limb and foot and/or neurological deficits that could not always be corrected by the LL. This could of course effect the patients opinion of the procedure and his/hers well-being.
Cohort sequential longitudinal studies, in which individuals from different age groups are followed over time, are needed to tease apart aging and cohort effects. Robins and Trzesniewski [12] asked the question: "will all older individuals develop lower self-esteem or just the particular cohort of individuals who experienced the Great Depression and other life events unique to that cohort?" (p.161). Undergoing leg lengthening (LL) could be one such life event for the cohort in the present study, which could affect self-esteem. The surgical intervention could help the patient by reducing impairment in daily life and thereby improving mental health. On the other hand, the impact of surgery could have an immediate negative effect on mental health defined more like State-Anxiety (relatively transitory). The sensitivity of the State-Anxiety to environmental stress has been repeatedly demonstrated in research on emotional reaction to surgery [13, 14] . Typically, State-Anxiety scores rise immediately prior to surgery and decline as patients recuperate. In contrast, Trait-Anxiety scores are essentially the same before and after surgery and do not appear to be influenced by the stress of surgical procedures. Although Trait-Anxiety scores do not predict differences in emotional reactions to physical danger, persons high in Trait-Anxiety generally respond with greater elevations in State-Anxiety to threats to self-esteem than do low Trait-Anxiety individuals [12, 15] .
The present study, where LL patients functioned as their own controls, focused on the mental health and somatic function on a longterm basis. The patients had previously taken part in a prospective study with a preoperative assessment and a one-year follow-up [10] . The result of that study was that the patients before surgery expressed more depressive and anxiety symptoms than the control group of normal school children. One year after surgery the patients had significantly improved their mental health concerning anxiety and depression symptoms. The present design gave the opportunity to study the impact of surgery on both the patient and the parent group in a 10-year follow-up. We included the parents since their level of stress were high before their child's surgery. In order to better understand the dynamic factors affecting mental health, we tested for a correlation between patients' and parents' anxiety levels.
We hypothesized that mental health would have been further improved by increased function and improved appearance due to the LL procedure. A 1-year follow-up is short and regarding LL, which is a very prolonged procedure, it would probably mainly reflect the reaction to the procedure. A follow-up of at least 2 years is required to evaluate if the surgical procedure has succeeded. As the rehabilitation after LL is drawn-out we aimed at a long follow-up time. We also tested agreement between the instruments for depression and anxiety. In clinical settings with focus on somatic issues surgeons need more information on how their patients rate their emotional stress.
Methods

Participants
We studied the somatic and mental health of 28 patients, 14 men/14 women with a mean age of 20.4 years (sd=4.0, 14-28), who in average 10.6 (sd=2.7, range=7-14) years earlier, had undergone an Ilizarov LL of 35 segments (20 tibias and 15 femurs) between 1997-2005 at the Department of Pediatric Orthopedics, Uppsala University Hospital.
One single surgeon performed the reconstructive surgery and one single psychologist performed the psychological measurement. There were 30 patients in the study, but one patient died of unrelated causes and one did not partake in the follow up. Preoperative medical condition for the participating patients is shown in Table 1 . 
Measures
The medical examination was a structured medical assessment of the reconstructed leg and an interview focused on the patient's experiences of surgery, outcome and function.
Beck Depressive Inventories (BDI-II) were used for self-assessment of mental health [16, 17] . BDI-II contains 21 items, with a total score ranging from 0-63, where each item is scored 0-3. Total score of 0-13 indicate minimal depression, 14-19 mild depression, 20-28 moderate depression and 29-63 severe depression. The Inventories by Beck has been standardized on a large sample of Swedish adolescents, which gives a good base for comparison of data concerning rate of depression in adolescents with or without psychiatric problems. The State-Trait Anxiety Inventory (STAI) was used to measure parental and patient anxiety [15] . The STAI contains 20 items, with a total score ranging from 0-60, mean normal values are reported to range from 35-39 (SD 10-12) with the somewhat higher levels for adolescents compared to adults. The sensitivity of the STAI anxiety scale to environmental stress has been demonstrated repeatedly in research on emotional reactions to surgery.
These self-rating scales are well-defined instruments with defined categories to measure depression and anxiety. The mental health measures at the 1-year follow-up are described in the original article by Niemelä et al. [10] .
Condition specific topics were studied by Leg Length Inequality Youth Questionnaire, (constructed by Niemelä [18] . The questionnaire was used in an individual interview situation. The following questions were selected to present especially important themes for this cohort of patients: When did you understand that you looked different, were different from other children? What emotional reactions did you feel after surgery? Pain experiences associated with the LL procedure? Did you get a lot of attention because of your leg length inequality (LLI)? How often do you think of your LLI? If you rate your self-esteem on a scale 1-9 at the ages of 6 years, 8-10 years and 13-19 years of age on a scale 1-9 what would it be? What made your self-esteem/your view of yourself waver? Do you perceive yourself as having been socially isolated (staying at home more often, mostly seeing your classmates and not so many others at your age) on account of your LLI?
Procedure
The medical and psychological assessments took place on the same day at Uppsala University Hospital. The somatic health was first studied by the surgeon (BT) at the Department of Pediatric Orthopedics. The psychological data were collected by the psychologist (BJN) from interviews and self-rating scales. The assessment with adolescents and parents took place at the Child and Adolescent Psychiatric clinic. Parents and adolescents filled in selfrating scales separately at the same occasion.
Statistical analysis
1-year and 10-year follow-up effects for State and Trait were compared with Repeated measure ANOVA where baseline (before surgery) was set as reference category. As depression symptoms were measured with CDI at baseline/1-year follow-up and BDI-II at 10-year follow-up Wilcoxon test were used for measuring changes in depression effect. T-test was performed for comparing age differences. Pearson's correlation coefficient was used to investigate agreement between variables. A significance level of 5% was used. All analysis were executed with SPSS version 21.
Ethics
The study (2009/356) was approved by the regional ethics committee. The participants received a letter with information about the study; and they then entered their information regarding when they could come to an appointment, and finally signed a letter with full consent to enter the study.
Socio-economic situation
All of the patients n=28 had meaningful social activities such as schooling (17) or work (11) . 10 lived with their parents and 18 had their own apartments. Eighteen were single, 8 had a steady relation and 2 were married. Two patients had become parents. (See Table 2 and 3 for full information of all patient data) Satisfied or very satisfied with the length 26
Satisfied or very satisfied with the cosmesis 16
Ordinary shoes 24
Walking distance exceeding 3 km 20
Decreased ankle motion and 2 decreased knee motion 12 >1,5 cm LLI 3 >1,5 cm LLI waiting for another lengthening 2
Amputated on the long side due to risk for malign transformation of neurofibromatosis 2 
Depressive symptoms
Out of 7 patients in the 10-year follow-up, 5 were not depressed before or 1-year after surgery. One patient was mildly depressed before LL but had been recurred during the process of measurements. For the remaining depressed patient there was no pre-or 1-year follow-up.
At the 1-year follow-up 79% (15/19) had improved their scores, 3 were worse and one had the same score. Z= 2.39; (p<0.05) [10] . At the 10-year follow-up there were 17 patients to compare with the pre-op assessment. 13 (76%) patients screened had no depression at either occasion, 4 (24%) were screened depressed at 10-year follow-up, and one of those 4 had depression before surgery. Z=1.30 (P=0.19) ( 
Self-esteem
When the patients retrospectively (at the 10-year follow-up) rated their self-esteem on a Likert scale (1-9) during the ages of 6 years M= 6.9 (SD 2.3), 8-10 years M= 6.3 (SD 2.3) and 13-19 years of age M=6.6 (SD) 2.1 it was on a median level. In the previous study the patients' self-esteem was measured before surgery and 1-year after demonstrating a median level stanine 5.5 to 5.8 [10] (Table 5 ). 
State-and Trait-Anxiety level
Experience of anxiety and stress was measured by the STAI. Parentś stress level, measured by the State Anxiety scale, in the immediate situation "being with their child/adolescent in the hospital" seemed to be normalized 1 year after (F=20.98; p<0.001) as well as 10 years after LL (F=19.58; p<0.001) compared to the extremely high stress experienced before LL. Trait-Anxiety level 1 year after (F=0.03;p=0.86) and 10 years after LL (F=0.08; p=0.77) was the same as before LL which is expected since it measures more of personality traits than the State-Anxiety. Parents' mean level State-Anxiety score was 40.4 (SD 10.1)-before LL, 28.8 (SD 6.7) 1 year after and 29.5 (SD 5.8) 10 years after. Parents' mean level Trait-Anxiety score 30.5 (SD 5.4), 30.3 (SD 4.1) and 31.1 (SD 9.1) ( Table 5 ).
Patients´ State-and Trait-Anxiety level is usually also related to depression and self-esteem and so was the case in the present study. Those who had reported depression scores demonstrated strong correlation to State (r=0.91) and Trait (r=0.83) stress on the State-Trait Anxiety Inventory (Figures 1A and 1B ).
Figure 1A: Patients' State Anxiety and Depression Scores
There was no significant correlation between parents' and patients' State (r=0.27; p=0.21) or Trait score (r=0.33; p=0.12) on a group level. There were no significant differences in patient age between girls (mean=20.1; sd=3.5) and boys (mean=20.6; sd=4.7) at time of surgery (t=0.27; p=0.78).
Figure 1B: Patients' Trait-Anxiety and Depression Scores
Qualitative data-Condition specific topics -Interview data
From the questionnaire Youth Questionnaire-Leg Length Inequality we learned that at an early age all patients had noticed that they were different from other children at preschool-elementary school age (3 -13 years). They experienced that they got a lot of attention because of LLI (7 patients answered none or a little. 21 answered a lot). On the question: "How often do you think of your LLI?" 11 patients answered never or seldom, while 17 answered a lot or always. As for what emotional reactions patients remembered after surgery, the most frequent emotion reported was interest and hope for a better future by 20 patients. Sixteen patients reported being distressed. 6 had been angry and a few reported shame. 9 patients had a lot of pain, usually reported as pain when cleaning the pins. When patients reflected on their experiences of pain they said that it sometimes was difficult to differentiate from fear.
Patients' assessment of what made their self-esteem/view of themselves waver were their legs, the scars, the surgery and treatments, being in the school and the children there, meeting new peers, schooltrips, new classes and people wondering about LLI. 8 patients reported worse, 17 better and 3 the same level of self-esteem at the 10year follow-up. However only 5 patients thought they had been socially isolated because of LLI.
Discussion
The psycho-social functioning of young patients undergoing LL has been frequently studied but studies on mental health and somatic function on a long term basis are sparse [11] . Our study was both prospective with a pre op assessment, a 1-year follow-up and a longterm study with a 10-year follow-up of a cohort of LLI patients. We used standardized measures of somatic functioning and mental health. The parents were included in the study so as to gain more information on their state of anxiety to better understand their situation and how it could affect their childrens' mental health during the LL procedure. In order to detect more condition-specific problems the patients also filled in a specially designed questionnaire where they could look back and assess their self-esteem and social experiences during the process of LL [18] .
Undergoing LL was a demanding procedure for this group of patients, in line with previous studies [6, 7] . However the majority of patients were satisfied with the result of the LL as seen in the 10-year follow-up as well as the 1-year follow up [10] . Self-esteem continued to be on a median good level before, 1 year after and 10 years after surgery. It was quite suprising since self-esteem could be expected to decline during adolescence [12] . One fourth of the patients had symptoms of depression at the 10-year follow-up. Those who reported more depressive symptoms also had higher levels of anxiety, both the State-like and Trait-like. In order to better understand the dynamic factors affecting mental health, we tested for a correlation between patients' and parents' anxiety levels. However, there was no significant correlation between parents' and patients' State-or Trait score on a group level. There were no significant differences between gender or patient age at time of surgery. The mental health data at the 1-year and 10-year follow-ups demonstrate no clear connection.
In the individual cases we can see a connection between the severity of health problems such as the original disease, other major trauma sustained, remaining LLI and high levels of anxiety correlated to depression scores. The two patients who were amputated did not show signs of depression. On a group level there were no significant correlations between severity of health problems and depression. Most patients reported how the LL affected their lives; lack of understanding from schoolmates, difficulties taking part in sports, pain or negative emotions. The fact of not wanting to disturb or hurt their parents by talking of their own worries regarding people's attitudes, their own self-esteem and thoughts about the future could be depressing. The patients were satisfied with the medical care, but expressed a wish for sharing experiences in a group or talking individually with psychologists. We need more research on how reconstructive surgery affects self-esteem and mental health both from a developmental perspective and a body-mind perspective. Knowing about self-esteem development also has implications for the timing of LL.
The limitations with the study are that there is no control group of untreated LLI patients or patients with another orthopedic disorder, the difficulty of measuring and following experiences of depressive symtoms and anxiety in patient with different ages, as well as the cognitive capacity of adolescents to retrospectively answer questions about their self-esteem at different ages.
Conclusion
Reconstructive surgery by the Ilizarov technique does not pose a threat to the children's mental health according to a 1-year follow-up study. A follow-up 10 years after surgery demonstrates that the lengthening period was a period filled with strong feelings. Sorrow and fear were mixed with experiences of pain. Self-esteem was on a median good level. One fourth of the patients had depressive symptoms. Those with high level of depression scores also scored high on State-and Trait-Anxiety. However the group of LL patients was closer to a normal group than to a psychiatric sample. State and Trait anxiety levels were normal for the group of parents. There were no differences between gender or age of patient at the time of the surgery. Patients were satisfied with the medical care, but expressed a wish for sharing experiences in a group or having individual talks with psychologists. "It should be part of the treatment". From available data we could not conclude that the leg lengthening per se caused the depression in the seven patients.
